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The effects of aquaculture decline on piscivorous birds in the Mississippi Delta
concern catfish farmers with possible increases in fish loss and disease transmission. My
study was aimed to (1) develop a new harassment method using unmanned aerial vehicles
(UAVs) to effectively control piscivorous birds at fish farms; (2) determine change in
spatial distribution of American white pelicans (Pelecanus erythrorhynchos) in the
Mississippi Delta since aquaculture decline; and (3) determine third-order habitat
selection by the pelicans in the wintering grounds. The UAV harassment did not reduce
piscivorous bird abundance more than human harassment in a 2-year field experiment.
Aerial surveys demonstrate that the pelicans used natural water bodies to find food more
frequently in 2015–2017 than in 1997–1999. Average pelican flock size decreased
following the aquaculture decline. Lastly, land cover and land use did not predict finescale habitat selection by the pelican.
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CHAPTER I
INTRODUCTION
Commercial aquaculture of channel catfish and piscivorous bird-aquaculture
conflicts
Commercial production of channel catfish (Ictalurus punctatus) was first
established in Mississippi (MS) in 1965 (Wellborn 1983, Mott and Brunson 1995). The
Mississippi alluvial valley (hereafter referred to as the Mississippi Delta) provides a wellsuited area for pond culture of channel catfish. This area is flat, has a subtropical climate,
and comprises predominately clay soils perfect for holding water in catfish ponds (Tucker
1996). Most ponds in the Mississippi Delta are between 4 and 8 ha (approximately 9 to
20 acres) in size (Tucker 1996). Fish ponds are typically rectangular with approximately
a length to width ratio of 2:1 to 3:1 and a 1-m to 1.5-m depth for ease of harvest and to
avoid anoxic conditions associated with fall turnover (Plumb et al.1976, Tucker 1996).
Production practices for channel catfish vary from farm to farm ranging from
specialization in fingerling production to focusing on food-sized fish (Mott and Brunson
1995). Many large farms will combine all production aspects: fingerlings, broodfish, and
food-size fish. Rapid expansion of catfish facilities in the 1980’s doubled the size of the
industry. At the industry’s peak in 2002, there were approximately 50,000 ha in
production in Mississippi (Figure 1.1; Hanson and Sites 2014).
With the increase in production, farmers started to experience problems with avian
depredation (Mott and Brunson 1995). The shallow depth and high stocking rates of
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catfish ponds created ideal foraging environments for piscivorous birds (Tucker 1996,
King 1997, Glahn and King 2004), while natural wetlands in the Mississippi Delta
provided loafing, roosting, and/or breeding habitats for fish-eating birds involved with
aquaculture conflicts (e.g., double-crested cormorants (Phalacrocorax auritus), great
egrets (Casmerodius albus), great blue herons (Ardea herodias), and American white
pelicans (Pelecanus erythrorhynchos); hereafter cormorants, egrets, herons, and pelicans,
respectively; Mott and Brunson 1995, Glahn and King 2004). These birds can depredate
and spread diseases to commercial fish, causing significant financial losses (Mott and
Brunson 1995, Griffin et al. 2012). Estimates showed that annual economic losses to
aquaculture industries caused by cormorants alone approached approximately $25 million
in Mississippi (Glahn and King 2004). Thus, developing cost-effective, efficient methods
for controlling fish-eating birds has become a critically important research topic of
resolving human-wildlife conflicts.
Littauer (1990) and Glahn and King (2004) described scaring tactics commonly used
for fish-eating birds on catfish ponds in the Mississippi Delta. There are three major types
of scaring techniques: audio frightening devices, visual devices, and supplemental killing.
Catfish farmers are currently using all three techniques to prevent bird depredation on
their catfish. For my thesis, “human harassment” occurs when there is a combination of
lethal and audio frightening categories because catfish farmers are currently using these
techniques to prevent bird depredation on their catfish (Littauer et al. 1997).
Audio frightening devices include pyrotechnics, automatic exploders, recorded
distress calls, and live ammunition. Pyrotechnics are firework devices used for scaring
wildlife, including bird bangers, screamer sirens, and screamer bangers. These
2

pyrotechnics are 15 mm cartridges fired from handheld .22 caliber modified starter
pistols (Gorenzel and Salmon 2008). Automatic exploders are devices that use propane
gas or acetylene to make loud explosions at controllable intervals on an automatic timer.
Live ammunition is for scaring birds by firing shotgun and/or rifle rounds near birds to
scare the flock. Birds become habituated to these noises when the sounds occur
frequently at regular intervals and intensities (Curtis et al. 1996).
Visual frightening devices include scarecrows, radio controlled aircraft, reflective
Mylar ribbon, hawk silhouette kites, helium balloons, and flashing lights (Littauer 1990).
Visual frightening devices can be useful if moved often and reinforced with audio
frightening devices. Birds habituate to frightening techniques, so as a result, Littauer
(1990) suggested it would be beneficial to the farmer to kill a limited number of birds to
reinforce fear in the remaining birds after obtaining depredation permits.
American white pelican population trends
Pelican population sizes have fluctuated since the 19th century. In the 1880s, pelican
numbers declined dramatically due to habitat degradation by agriculture and large
amounts of culling for plumage as well as humans believing they were a competitor for
fish (Knopf and Evans 2004, Keith 2005). After some refuges were established,
Thompson (1932) reported approximately 23,000 individual pelicans nested in the United
States after a two-year survey ended in 1932, which were the first extensive surveys done
for pelicans. There was a long-term historical decline in the abundance of the pelican
until the 1960s due to increased use of insecticides and pesticides, which led to high
mortality in pelicans (Thompson 1933, Lies and Behle 1966, Knopf and Evans 2004,
Keith 2005). Although there was a paucity of data on pelican abundance due to
3

infrequent surveys, records show relatively stable or increasing numbers of breeding
pelicans from the early 1960s until the early 1980s (Sidle et al. 1985, Koonz 1987, King
and Anderson 2005, Sovada et al. 2005). The Breeding Bird Survey (BBS) data
demonstrated American white pelican populations have expanded in the United States
since the 1980s. The continental pelican population showed initially steady and then
rapid increases at a rate of 3.9% per year from 1980 to 2003 (Sauer et al. 2003, Knopf
and Evans 2004). From 1998 to 2001, BBS recorded 67,000 active pelican nests at the
breeding grounds in North America, which suggested a breeding population size of
134,000 (= 2 × 67,000) breeding adults and a total population size of >157,000
individuals, assuming that nonbreeding individuals constitute 15% of a pelican
population (Sauer et al. 2003, King and Anderson 2005). Increases in the pelican
abundance may intensify American white pelican-aquaculture conflicts.
Mississippi is part of the wintering grounds for American white pelicans nesting east
of the Continental Divide (King and Michot 2002). Surveys of pelicans were irregularly
conducted throughout the Mississippi Delta region from 1993 to 1999 (King and Werner
2001, King and Michot 2002). King and Michot (2002) estimated that the average flock
size in Mississippi in January-February was 245 birds per flock. However, loafing pelican
flocks can range in size from <100 to several thousand (King 1997). No further
population estimates were made for the Mississippi Delta since the last aerial surveys
done from 1997-1999 by King and Michot (2002). Furthermore, the commercial
production of channel catfish has declined significantly since its peak in 2002 (Hanson
and Sites 2015). Since 2008, aquaculture hectares in the Southeast have dropped by
approximately 50% with about 16,000 ha remaining in production in Mississippi (Figure
4

1.1; Hanson and Sites 2014). The main causes were the rise in feed costs that soared
upward from 2005 to 2013, rising fuel costs, and increasing amounts of imported catfish
(Hanson and Sites 2014, 2015). With the decline in aquaculture hectares, the potential for
huge flocks of pelicans to land on catfish ponds concerns farmers due to the risk of
increased disease transfer and avian depredation on their catfish (Glahn and King 2004,
Doffitt et al. 2009). Farmers want to know if more pelicans select catfish ponds since the
aquaculture decline, and aerial surveys can help answer that question. A better idea of
pelican spatial distributions in wintering grounds will lead to better management
practices for farmers to deter pelicans from using catfish ponds.
Management problems
The catfish aquaculture industry has experienced increased avian depredation since
the 1980’s. Price and Nickum (1995) ranked nuisance birds in a descending order of
importance based on damage as cormorants, egrets, herons, and pelicans in North
America. Since 1995, it has become common acceptance that herons and egrets do not
cost much in depredation since most of the fish they eat on aquaculture ponds are sick
(Glahn et al. 2002). A suggested revision to the ranking order based on their average
daily intake of catfish is pelicans, cormorants, herons, and egrets (Schramm et al. 1984,
Stickley et al. 1995, Glahn and King 2004). Observational studies on catfish ponds show
egrets require 169 g of fish per bird per day with only 8% of their diet being catfish
(Glahn et al. 1999, Glahn and King 2004). Therefore, egrets eat approximately 14 g
catfish per bird per day. Next, herons were observed on catfish ponds to eat
approximately 123 g live catfish per bird per day (Stickley et al. 1995, Glahn and King
2004). Cormorants consume at least twice the amount per day as herons. Schramm et al.
5

(1984) observed the smaller subspecies of cormorants that reside in Florida eat
approximately 304 g of catfish per bird per day in the wild. Pelicans consume
approximately 4 times as much as a cormorant in one day. Glahn and King (2004)
estimated a single pelican to eat approximately 528 g of catfish per feeding bout based on
the stomach contents of pelicans collected from catfish farms. King and Werner (2001)
estimated pelicans forage 2.5 bouts/times per day. Thus, pelicans consume approximately
1,320 g of catfish per day.
The aforementioned piscivorous birds pose a threat to the aquaculture industry, and
cormorants and pelicans cause more harm than direct consumption of catfish through the
spread of disease. Catfish are susceptible to numerous diseases in the aquaculture
industry. Two primary parasites are spread through piscivorous birds. Pelicans carry a
trematode, Bolbophorus damnificus, known to cause high mortality rates in fingerlings.
Commercial processors will reject surviving mature catfish heavily infected by
trematodes (Doffitt et al. 2009). Also, cormorants carry a trematode called
Drepanocephalus auritus, which results in no external signs of infection, but causes high
mortality rates in catfish (Griffin et al. 2012, Kudlai et al. 2015). The ease by which these
birds can spread diseases that may cripple or destroy commercial fish populations
suggests more efficacious scaring tactics are essential to prevent avian depredation and
disease spread on catfish farms.
In 2014, catfish farm sale price was approximately $0.54 per kg ($1.20/pound), and
given aforementioned feeding rates, one can assume that the catfish industry is losing
extensive amounts of money from avian depredation alone (Hanson and Sites 2015).
Stickley and Andrews (1989) estimated the total annual loss to piscivorous birds to be
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$5.4 million for catfish farmers in Mississippi, which amounted to almost $20,000 for
each of the 281 farmers surveyed. This amount did not include catfish losses to wading
birds, such as herons and egrets, but included harassment costs of $2.1 million annually.
Additionally, United States Department of Agriculture’s (USDA) Animal Damage
Control (now Wildlife Services) has tested numerous exclusion and harassment
techniques including visual and noise scaring devices (Littauer 1990). Mississippi
Animal Damage Control spent approximately $4 million in harassment efforts and
research plus an additional $4 million in staff time from 1985 to 1995 (Price and Nickum
1995). However, the existing scaring tactics are often ineffective against birds
depredating catfish on aquaculture ponds. With the costs of depredation, spread of
disease, and costs of harassment, catfish farmers need better and more available scare
tactics. New harassment methods must be more effective and cost-efficient than the
commonly used human harassment. Currently, human harassment is labor intensive and
inconsistent. Farmers are looking for new harassment techniques that would require less
man power, are more effective, and are cost efficient. A new type of technology that has
not been tested as a harassment tool is unmanned aerial vehicles (UAVs). Many types of
UAVs are on the market today that may be an effective scaring device to control
piscivorous birds. Unmanned aerial vehicles are inexpensive and easy to operate.
Objectives
My research goal is to answer catfish farmers’ questions about how to resolve the
farmer-piscivorous bird conflict. First, can harassment using UAVs be an effective
method for reducing the density of piscivorous birds at fish farms? Second, how did the
7

drastic decline in commercial catfish production affect the spatial distribution and
abundance of American white pelicans in the Mississippi Delta?
For the first question, I tested whether UAV’s would be more efficient at reducing
the number of fish-eating birds than human harassment. For the second question, I tested
two predictions: 1) Abundance and mean flock size of pelicans in the wintering grounds
from December through the following April decreased since declines in aquaculture
hectares; and 2) Pelicans would increase their use of natural wetlands and open water
because of declines in the number of catfish ponds.

8

Tables and figures

Figure 1.1

Water acreage used in Mississippi catfish production January 1998-January
2014 (after Hanson and Sites 2014).
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CHAPTER II
DEVELOPMENT OF ALTERNATIVE METHODS TO CONTROL FISH-EATING
BIRD ABUNDANCE AT AQUACULTURE FACILITIES
Introduction
Behavioral responses and habituation of birds to human harassment
Animals attempt escape at a certain distance from detected predators. Distance
between predator and prey when escape begins is flight initiation distance (FID).
Ydenberg and Dill’s (1986) optimal escape theory predicts the probability of fleeing and
FID increases as the perception of risk is greater and decreases when escape is costlier.
Frid and Dill (2002) hypothesized that animals perceived human disturbance the same as
predator risk. Piscivorous bird control uses human disturbances with sound and visual
harassments (Littauer 1990). Harassment intensities (e.g., frequency and duration of the
harassment), food benefits of sites, and bird habituation determine effectiveness of
human harassment. Any scare tactic used must prevent birds from habituation if possible
by changing harassment routes, keeping the schedule random and inconsistent, and
enforcing scare tactics with lethal methods. Habituation, defined as a decrease in
responsiveness upon repeated exposure to a stimulus, is a common problem for all
harassment techniques (Cayne and Bolander 1991). Birds can become accustomed to
common scaring tactics, such as pyrotechnics, automatic exploders, effigies, and lights
when used repeatedly (Curtis et al. 1996). Due to increased habituation to current scare
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tactics, there is a need for new methods of novel disturbances to increase efficiency of
avian harassment.
Many studies researched how various scaring tactics affected numerous species of
birds. Cook et al. (2008) found that distress calls were highly effective against gulls until
the birds became accustomed. Shimmings (2003) evaluated multiple scaring methods,
both active and passive, and their effects on geese in Norway. The author concluded that
using colored scaring tape over the fields was the most common tactic and moderately
effective, but the geese inevitably became accustomed to the tape (Shimmings 2003).
Physical chasing of the geese was the most effective due to the element of surprise, thus
reducing the chances of habituation. Mott et al. (1998) assessed the effectiveness of
pyrotechnics to disperse double-crested cormorants (Phalacrocorax auritus) from their
roosts in the Mississippi Delta. Cormorant abundance decreased from 8,000 to 6 birds
during the initial harassment period, but habituation occurred quickly. Mott et al. (1998)
state that most bird species become habituated to noises produced by pyrotechnics if the
tactic is repeatedly used over time. These studies indicated birds usually become
habituated to harassment, which therefore reduces the effectiveness of that technique.
Current avian scaring tactics at aquaculture facilities in Mississippi
Fish-eating birds can cause significant damage to a catfish farmer’s profits in the
southeast U.S. Harassment techniques are mostly used in the southeastern U.S. to control
bird predation. Littauer (1990) describes scaring tactics commonly used for fish-eating
birds on channel catfish (Ictalurus punctatus) ponds in the Mississippi Delta, including
three major types of scaring techniques: audio frightening devices, visual devices, and
supplemental killing (explained in Chapter I). In recent years, farmers report seeing more
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piscivorous birds and that their normal scaring methods are no longer as effective (D.T.
King, USDA Wildlife Services National Wildlife Research Center, pers. comm.). With
the costs of depredation, spread of disease, and costs of harassment, catfish farmers in the
Mississippi Delta need better and more cost-effective ways of scaring piscivorous birds
off their ponds than the commonly used tactic of human harassment.
There are few experimental studies of human harassment effectiveness on piscivorous
birds in the Mississippi Delta (Mott and Boyd 1995). There are no known records of the
reduction in birds per unit effort for either audio or visual harassment on catfish ponds in
the Mississippi Delta. Stickley and Andrews (1989) evaluated the cost-effectiveness of
harassing cormorants in the Mississippi Delta. They found that the costs of bird
depredation and harassment totaled approximately $5.4 million on 33,994 ha of catfish
ponds in one winter, which approximated 3% of total sales for each catfish farmer.
Human harassment is labor intensive and highly inconsistent. Due to farmer demand and
knowing these harassment techniques are not cost-effective to the farmer, scientists must
pursue other options.
Newly developed scare tactics need to minimize bird habituation to the harassment
technique. Unmanned aerial vehicles include either fixed-wing or rotary type models,
both of which use external remote devices to control. There are UAVs capable of
autonomous flight, wherein the flight path consists of input GPS coordinates for the
device to fly and perform a variety of tasks on its own without remote assistance (Fabiani
et al. 2007). UAVs have become increasingly popular for research in the wildlife field.
Recent advances in UAV technology have reduced the cost of production as well as
simplified the training and licensing processes, which enables people to use the UAV
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Methods
Study area
I conducted my study in the Mississippi Delta region, comprising the flood plain
of the Mississippi River and its tributaries, the Yazoo, Sunflower, and Tallahatchie
Rivers (35.0°N – 32.3°N, -91.2°W – -90.1°W). This region occupies approximately
16,000 km2. Most of the Mississippi Delta lost wetlands due to draining for agriculture
with approximately 10% of the original wetland area such as cypress swamps, oxbow
lakes, and bayous remaining (Glahn et al. 1996; Figure 2.2). Specifically, my research
included 6 study sites in the Mississippi Delta region including Sunflower, Washington,
Sharkey, and Yazoo counties (Figure 2.2).
Scaring regimes and experimental design
I defined human harassment as a combination of lethal and audio frightening
categories. The bird chasers used live ammunition (for both frightening and euthanizing)
while driving around the complex in a vehicle. Additionally, I used UAVs to frighten
birds away from catfish ponds. USDA APHIS, National Wildlife Research Center,
Institutional Animal Care and Use Committee (IACUC; protocol number: QA-2586)
approved all the procedures. Our collaborators, Mississippi State University Geosystems
Research Institute, provided UAVs and skilled pilots for this study and licensing required
to legally fly UAV missions. To prevent the birds from linking humans with the UAV,
the pilots and I hid inside a pop-up ground blind at the intersection of each experimental
unit for the duration of each trial. One pilot served as an observer for the other pilot while
the UAV was flown to ensure no objects were in the flight path. The UAV was placed
directly outside the blind from a window to take off and land after harassment. The UAV
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pilots remotely flew the quadcopter (Phantom II Vision Plus, DJI, Shenzhen, China)
around the perimeters of an experimental unit (ponds), and then flew over the water to
focus on any birds still left in the area (Error! Reference source not found.). The UAV w
as flown at an approximate altitude of 20 feet above ground level to avoid power lines
and other farm equipment at a speed of 10 to 35 miles per hour. The UAV pilots harassed
birds for a total of 20 minutes at each experimental unit.
I conducted field experiments to compare the efficacy between human chasing and
UAV chasing methods using an experimental design intended to increase sample size.
Each farm received the same treatment twice in one year with a washout period in
between. I replicated the same experiment the following year but in earlier months (Table
2.1). I used human harassment as a positive control because farmers used this method
routinely on the farms, and the UAV flying was the treatment. I randomly chose two
plots ≥700 m apart from each other as two experimental units on each of the 6 study sites
(n = 12; Figure 2.2). Each experimental unit consisted of 4 fish ponds, as close in size
and catfish size class as possible, which I arranged in a 2 by 2 array (Figure 2.4). Each of
the 12 plots received 2 reverse sequences of treatments (i.e., UAV-human harassment and
human-UAV harassment) with a 1-week washout period between the two sequences. I
conducted the treatments and observations on an experimental unit either in the morning
or afternoon peak hours of fish eating bird activity (06:00 to 11:00 and 14:00 to 18:00;
Error! Reference source not found.; King and Werner 2001). I repeated my treatments a
nd bird surveys from March to April in 2015-2016 (n = 72) and January to February in
2017 (n = 57).
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Bird survey methods
I conducted pre-treatment bird surveys, harassment observations, and posttreatment surveys at each experimental unit before and after each treatment on the same
treatment days. I used the intersection of 4 neighboring fish ponds on an experimental
unit as my observation location. To obtain a pre-treatment count of birds at observational
locations, I approached the intersection by vehicle and counted the birds when they
flushed. I added any birds that did not flush when we arrived at the observation location
to my total. After obtaining the pre-treatment count, the vehicle stopped at the
observation location, and I set up a camouflage ground blind (2 m x 2 m x 1.8 m). The
pilots and I positioned ourselves in the blind to prevent the birds from associating us with
any harassment technique. After we were inside the blind, the vehicle drove to a distant
observational point and waited until the trial was over before returning to our observation
location to load the blind and move to the next experimental unit.
Next, we waited a minimum of 30 minutes for birds to habituate to the ground
blind presence. I recorded harassment activities, including types of harassment techniques
and their start and end times. I also recorded the number and species of birds on the
ponds during the harassment, direction of departing birds, number of birds leaving the
experimental unit, and the number and species of birds that returned within one hour after
each harassment treatment.
Post-treatment observations took place after each harassment event at each
observation location. Two different observers conducted these counts at 10-minute
intervals for one hour after harassment. I broke the post-harassment counts into two parts:
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Post 1 and Post 2. Post 1 comprised the counts during the first 30 minutes after
harassment, while Post 2 included the counts during the last 30 minutes post-harassment.
I averaged the abundance of double-crested cormorants, American white pelicans
(Pelecanus erythrorhynchos), great egrets (Casmerodius albus), and great blue herons
(Ardea herodias) every 10 minutes between post 1 and post 2 periods for post-harassment
averages.
Statistical analysis
I fit linear models to compare the mean abundance of fish-eating birds between UAV
and human harassments. I took square root transformation of the bird abundance to
normalize the abundance data. My explanatory variables of fixed effects included
harassment and survey-time interaction, year (2016 and 2017), treatment sequence, time
of day (morning or afternoon peak hours), and treatment sequence nested within farm ID.
I checked the assumption of normality using quantile-quantile (QQ) plots. I
conducted statistical tests at the significance level of 0.05 in the R environment (R Core
Team 2016).
Results
Residuals of the full model, including all covariates, met the normality
assumption (n = 129). The model showed neither significant differences in the
transformed abundance between the treatments (p = 0.32) nor significant treatment and
survey-time interaction (p = 0.58). Despite being insignificant, average bird abundances
tended to decrease, by ca. 50%, in both treatments in 2017. However, the trends were not
observed in 2016 (Figure 2.5).
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Discussion
My study demonstrated that UAV harassment is not more efficient at harassing
piscivorous birds than human harassment. Different trends of bird abundance during the
pre- and post-treatment surveys between 2016 and 2017 may owe to differences in the
time of year during conducted studies. In 2016, I conducted my field experiments in
March and April, in contrast to January and February in 2017. Federal Aviation
Administration (FAA) regulations on UAVs in 2016 delayed my treatments. By March
and April, a large majority of migratory piscivorous birds had already migrated north. In
2017, I conducted the study earlier in January and February when the peak of piscivorous
birds were flying through the Mississippi Delta (Glahn et al. 1996, King and Michot
2002). The different trends of the two years may suggest that non-migratory individuals
become habituated to all scaring tactics in March and April (Lowney 1993). In 2016, the
birds did not appear scared by either harassment method in later months when there were
fewer migratory birds present. Migratory birds may habituate less to harassment methods
than non-migratory simply because they did not stay around long enough.
Several factors might have confounded the effects of my harassment treatments in
addition to time of year when I performed the treatments. I did not quantify and could not
standardize the frequency and intensity of human harassment among all six sites.
Frequencies and intensities of human harassment occurred at different intensities between
farms. In future studies, using a dose-response relationship to quantify disturbance
intensity would greatly enhance our understanding of how much harassment effort is
needed to be effective (Belant and Martin 2011, Tombre et al. 2013, Simonsen et al.
2015). Recording how many times the bird chaser drove by, other farm equipment came
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by, and how many times the bird chaser fired his/her weapon could be broken into
different intensity classes for analysis. Additionally, accidental human harassment (bird
chasers driving by my study sites) often took place during UAV harassment. Despite
higher frequencies of human harassment than UAV harassment during each experiment,
human harassment did not result in greater decline in the bird abundance than UAV
harassment, suggesting the latter is labor efficient.
Even though I did not see any significant results, this study is still useful to catfish
farmers as the first step towards developing the usefulness of UAVs with avian
harassment. Finding more efficient ways to harass these piscivorous birds warrants more
research. I recommend future studies look to see if maximum effort by the pilot and UAV
can prevent piscivorous birds from landing on a pond. This study should use >1 UAV
over entire catfish farms, several pilots and observers, as well as many batteries (or even
wireless charging stations) to see if this setup can keep birds off entire farms during
daylight hours. In addition, I suggest that future studies combine UAV and human
harassments. For instance, initial UAV harassment in combination with occasional
human harassment by lethal methods may make piscivorous birds less likely to habituate,
therefore making the combined harassment method effective (Littauer 1990). I believe
that the lethal methods approach is most needed during the months of March and April
when mostly migratory birds are left, which I believe to habituate quickly to harassment
efforts (Lowney 1993). In addition, I suggest adding noises to the UAVs in future studies.
Noises mimicking shotguns, pyrotechnics, and distress calls could add an additional
element to prevent habituation to scaring tactics (Littauer 1990, Littauer et al.1997,
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Belant and Martin 2011). I recommend sampling during early and late winter then
analyzing separately due to presence/absence of migratory birds.
In summary, I do not think the extant technology for UAVs can outcompete
human harassment at this time based on the results within my study parameters. Short
battery lifetime and restricted weather operating condition limited practical applications
of UAVs to control piscivorous birds at aquaculture facilities. Manufacturers need to
improve battery life and weatherproofing of UAVs that are currently suitable for
controlling birds. I observed that maximum battery time of the Phantom II Vision Plus
was approximately 20 minutes depending on weather conditions. Also, currently
affordable UAVs like Phantom II Vision Plus cannot fly in the rain without
malfunctioning, which is unsuitable in an area like the Mississippi Delta that receives a
lot of rainfall. According to current rapid advancement in the UAV technology, I believe
that UAVs will become a useful tool for catfish farmers in the near future.
Management implications
Catfish farmers competed with avian depredation to make a profit. It was
estimated that the state of Mississippi alone spent $2.1 million dollars annually on
harassment efforts (Stickley and Andrews 1989). Human harassment has shown to be
only moderately effective with $3.3 million still lost to depredation by cormorants alone
(Stickley and Andrews 1989, Glahn and Brugger 1995). My study shows that UAV
harassment is not more effective than human harassment as a scare tactic, but the
technology for UAVs is advancing rapidly and may prove a viable scare tactic in the
future. Scientists need to conduct future studies to find ways to alleviate the harassment
costs to farmers. Future research should expand the treatment area because my spatial
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scope was limited, examine the spatial distribution of birds after harassment, and look at
a combination of human and UAV harassment or a whole new idea altogether.

Tables and figures
Table 2.1

Bird harassment experimental design.

Experimental design used to carry out fish-eating bird harassment experiment on each
site. Sequence represents order of harassment, location represents point within
experimental unit, and period represents weeks within a year. The period was only
repeated at each site once per year. I replicated the entire experiment the following year.

1
Sequence Location
1
1
UAV
2
UAV
2
1
Human
2
Human
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Period
1 week
washout

2
Human
Human
UAV
UAV

Harass

Figure 2.1

Prediction of the immediate percent reduction in fish-eating bird abundance
following harassment.

Figure 2.2

Mississippi Delta study region.
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The shaded region shows the region referred to as the Mississippi Delta. The Mississippi
Delta is the flood plain of the Mississippi River and its tributaries, the Yazoo, Sunflower,
and Tallahatchie Rivers. Harassment locations are the catfish farms highlighted in red
showing the 2 experimental units on each farm.

Figure 2.3

Example of a DJI Phantom II Vision Plus used to fly over piscivorous birds
on catfish ponds. (Photo Credit: dji.com)
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Figure 2.4

Example of two random points (red dot) on a catfish farm facility. Four
ponds surrounded each point representing my experimental unit (blue
outline).
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Figure 2.5

Results of post-treatment abundance at the square root scale of fish-eating
birds for both UAV and human harassment in 2016 and 2017.

I conducted the pre-count before any harassment occurred. I broke the post-harassment
counts into two parts: Post 1 and Post 2. Post 1 comprised the counts during the first 30
minutes after harassment, while Post 2 included the counts during the last 30 minutes
post-harassment. This figure shows no significant difference between either type of
harassment.
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CHAPTER III
SPATIAL DISTRIBUTIONS OF AMERICAN WHITE PELICANS BEFORE AND
AFTER THE 2008 AQUACULTURE DECLINE
Introduction
Habitat use by pelicans in Mississippi
In the wintering grounds of American white pelicans (Pelecanus erythrorhynchos) in
the southeastern United States, pelican loafing sites are usually open, flat areas with little
to no surrounding vegetation (King 1997). In Arkansas and the Mississippi Delta (i.e. the
alluvial floodplain of the Mississippi River), pelicans loaf on exposed mud flats and sand
bars when the Mississippi River is low, particularly in December (King and Michot
2002). In February when the Mississippi River is high causing inundated sand bars and
mud flats, pelicans loaf in flooded agricultural fields usually managed for waterfowl
(King and Michot 2002). Pelicans eat a variety of aquatic organisms including fish,
crayfish, and salamanders, but the majority of their diet consists of carp, chub, and
suckers (Knopf and Evans 2004; Johnsgard 1993). While wintering in the southeastern
U.S., channel catfish (Ictalurus punctatus) have become an increasingly important food
source for pelicans (Ferguson et al. 2011; King et al. 2010).
From late winter through spring, reports of catfish depredation increase dramatically
(King and Michot 2002). Pelicans increase their use of catfish ponds before and during
migration to nesting grounds (King and Michot 2002). Aerial surveys conducted in April
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found about 60% of American white pelicans observed were detected in fish ponds in
Mississippi (King and Michot 2002).
In the wintering range, pelicans use a variety of habitat types besides catfish ponds.
American white pelicans spend about 60% of their daily activity time in lakes and rivers
in Mississippi and Louisiana and 15% of time in bayous or surrounding wetlands (King
and Werner 2001). Although channel catfish may constitute the majority of pelican diets
in the Mississippi Delta (King et al. 2010), pelicans also forage on wild fish, salamanders,
and crayfish in wetlands (Knopf and Evans 2004; Sibley 2001; King and Michot 2002). It
is plausible to expect increased use of open water (e.g., rivers and lakes) and wetlands if
fish pond hectares decrease in the Mississippi Delta. However, literature has not reported
any studies of changes in pelican spatial distribution under changes in land use in
Mississippi since 2008.
Since 2008, aquaculture hectares in the Southeast has dropped by approximately 50%
with about 16,000 ha remaining in production in Mississippi as a result of rising feed and
fuel costs and increasing amounts of imported catfish (Figure 1.1; Hanson and Sites
2014). This decline in aquaculture has concerned many catfish farmers questioning
whether numbers of piscivorous birds in fish ponds have increased in the Mississippi
Delta. It was unclear if pelicans used the remaining ponds in higher densities, or shifted
to rivers, lakes and wetlands after the decline in aquaculture.
King and Michot (2002) used aerial surveys from a fixed wing aircraft to estimate the
spatial distribution and flock size of American white pelicans in the Mississippi River
alluvial flood plains of Arkansas, Louisiana, and Mississippi as well as the Northern Gulf
of Mexico coastal areas in Louisiana, Mississippi, and Texas. Mississippi had the largest
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flock size of the pelicans among Louisiana, Mississippi, and Texas (King and Michot
2002). Average flock size was 245 birds/flock in 1999 (King and Michot 2002). Since
then, the literature has not reported any aerial surveys of American white pelicans in the
Mississippi Delta. It is unknown if the decline in aquaculture has resulted in increased or
decreased average flock size of American white pelicans in the Mississippi Delta.
Information on changes in the spatial distribution and flock size of American white
pelicans will help farmers to appropriately allocate resources to control pelicans.
Objectives
Objectives of this chapter were to: 1) Determine the effects of declining regional
aquaculture on American white pelican abundance; 2) Determine the change in the spatial
distribution of pelicans since the decrease in aquaculture hectares; and 3) Determine how
the regional decline in aquaculture affected the mean flock size of American white
pelicans in the Mississippi Delta. I tested the predictions that the number of pelicans in
the wintering grounds has decreased and that pelicans have reduced their use of catfish
ponds but increased use of rivers, lakes, and wetlands since regional declines in
aquaculture hectares.
Methods
Study area
I conducted the studies of this chapter in the Mississippi Delta region, the flood
plain of the Mississippi River and its tributaries, the Yazoo, Sunflower, and Tallahatchie
Rivers (35.0°N – 32.3°N, -91.2°W – -90.1°W). This region encompasses approximately
16,000 km2. Most of the Mississippi Delta lost wetlands due to draining for agriculture
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with approximately 10% of the original wetland area such as cypress swamps, oxbow
lakes, and bayous remaining (Glahn et al. 1996; Figure 3.1). Aerial surveys covered all
water bodies located in the Mississippi Delta region (Figure 3.2).
Aerial surveys
King and Michot (2002) completed aerial surveys from 1997 to 1999 and
determined optimal survey altitudes. They established flight routes for the Mississippi
River Delta regions of southeast Arkansas, west central Mississippi, and northeast
Louisiana. I flew a route similar to the 1998-1999 survey covering the alluvial floodplain
of the Mississippi River in Mississippi, Louisiana, and Arkansas with special emphasis
on water bodies (Figure 3.2). USDA APHIS, National Wildlife Research Center,
Institutional Animal Care and Use Committee (IACUC; protocol number: QA-2288)
approved all the procedures. I conducted my surveys during 1-2 days in December,
February, and April 2015 through 2017. I used the cruise survey method to locate flocks
from a high-winged single-engine aircraft, a Cessna 172 (Cessna Aircraft Company,
Wichita, Texas), at an altitude of approximately 150-300 m (500-1000 ft). The pilot’s
iPad had a previous survey route uploaded for us to follow as well as the ability to save
waypoints to record GPS coordinates for each group of pelicans found. I was trained to
count large groups of pelicans by looking at photos and estimating the number of pelicans
in the photo by counting smaller groups of 10 to 20 at a time. To find pelicans from the
plane, the pilot and I would look for white objects located on the ground or in the air. For
larger groups of pelicans, the pilot and I would circle around the group of pelicans as
many times as needed for me to count the entire group. I would also take photos of large
groups of pelicans to check my counts at a later date. I observed and recorded the
34

numbers, geographic coordinates (i.e., longitude and latitude), and habitat types (i.e.,
agricultural field, channel catfish pond, and open water such as river and lakes) of all
pelicans observed in my notebook. I repeated my treatments and bird surveys from
December to April in 2015-2016 (n = 62) and January to April in 2017 (n = 61).
Statistical analysis
I plotted the average number of pelicans found in each habitat for each period
(1997-1999 or 2015-2017) using a bar graph and calculated 95% confidence intervals
using the formula
(3.1)

𝐶𝐼 = 𝑥̅ ± 𝑡0.05(2),𝑑𝑓 × 𝑆𝐸
where 𝑥̅ = the sample mean
𝑡0.05(2) = the t distribution value for confidence level 𝛼 = 0.05
𝑑𝑓 = degrees of freedom
𝑆𝐸 = standard error

If the confidence intervals of mean abundances or flock sizes of a habitat type (i.e., open
water, fish pond, and agriculture) did not overlap between the two survey periods, I
rejected the null hypothesis that there was no change in pelican abundance or flock size
in a type of habitat between the two survey periods (Zar 2010).
In addition, I used generalized additive models (GAMs) to compare mean pelican
flock sizes between two survey periods (Figure 3.3; Wood 2006). Generalized additive
models accounted for spatial autocorrelation with a thin plate smoothing term for
longitudes and latitudes of survey locations (Wood 2003). I included period-habitat
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interaction and survey month in the GAMs of the Poisson distribution. I tested the null
hypothesis of the interaction and month effect at the significance level of 0.05.
Results
Using my analysis of average abundances, pelican flock size increased in open
water from the 1997-1999 period (95% CI = 34.69 – 56.28) to the 2015-2017 period
(95% CI = 153.96 – 184.56; Figure 3.3). Average flock size did not differ on fish ponds
nor in agricultural fields between the two surveys with overlapping 95% CIs (Figure 3.3).
Proportions of pelicans found in open water increased from the first to second survey
period, but decreased in agriculture from the first to the second period (Figure 3.4).
In addition, the GAM model shows similar patterns as the aforementioned
analysis in changes of pelican flock sizes between the two survey periods (Figure 3.3).
Average flock size decreased in agriculture from the first to second period (coefficient =
-1.25; p ≤ 0.001), but increased in open water (period 2-water coefficient = 1.92; p ≤
0.001) and catfish ponds (period 2-pond coefficient = 1.59; p ≤ 0.001). Overall, average
pelican flock size increased on fish ponds from the first to second period after accounting
for the effects of study period and survey month (coefficient = -0.50; p ≤ 0.001). The R2
value of the GAM was 0.49.
Discussion
Pelican response to the rapid decrease in catfish aquaculture area concerns catfish
farmers in the Mississippi Delta, particularly pelican abundance and spatial distribution.
Pelicans cause significant loss of profits to catfish farmers due to high daily consumption
of catfish, so farmers want to know whether pelicans are using the remaining catfish
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ponds in increased numbers or if they are seeking alternate habitat for feeding.
Alternatively, since catfish are such an important food source for wintering pelicans in
the Mississippi Delta, it is important to know how this decline in aquaculture area
affected their numbers and where they found alternate locations to forage. Identifying
these changes could help farmers make better management decisions to mediate the
catfish farmer-pelican conflict. My results suggest an increase in pelican flock size on
natural water bodies but a decrease in flock size in agricultural fields from the period of
1997-1999 to the period of 2015-2017. My results supported my hypothesis that pelicans
changed their habitat use, increasing their use of natural water bodies after the
aquaculture decline (Figure 3.3; Figure 3.4).
My data on mean pelican flock size by habitat type indicated pelican abundance
increased in rivers and lakes but decreased in agriculture from the period of 1997-1999 to
the period of 2015-2017, suggesting shift of space use from agriculture to rivers and lakes
(Figure 3.3). Although statistically insignificant, the trend in pelican abundance
suggested a decline in use of fish ponds (Figure 3.3). In the Mississippi Delta, fish ponds
are typically surrounded by agricultural fields. Pelicans spent about 4% of their day
foraging when feeding in fish ponds and about 30% of their day foraging when loafing in
other habitats (King and Werner 2001). Therefore, decreases in abundance in and spatial
use of fish ponds and agricultural fields (Figure 3.3; Figure 3.4) may suggest decreases in
the use of fish ponds by the pelicans from the 1990s to the late 2010s.
King and Werner (2001) reported mean flock sizes of approximately 250 birds on
catfish ponds, 200 birds on rivers, and 75 birds on lakes during the period of 1993 to
1997 during the industry’s peak. My results show smaller flock sizes on catfish ponds
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(125 birds) and rivers and lakes (175 birds) than those of King and Werner (2001)
following the aquaculture decline during surveys in 2015 to 2017. King and Werner
(2001) did not address the use of flooded agriculture fields by pelicans, but data from
aerial surveys flown in 1997-1999 show an average flock size of approximately 340
birds. My results show smaller flock sizes in agriculture, as well, with an average flock
size of approximately 250 birds. The GAM model also indicates the decreasing effects on
flock size of study period. This decreasing trend in mean pelican flock size across habitat
types supports my prediction that pelican abundance has declined from the period 19971999 to 2015-2017.
The generalized additive model showed an increase in pelican flock size in open
water and on fish ponds from the 1997-1999 period to the 2015-2017 period, contrary to
the trends on fish ponds in Figure 3.3. The GAM accounted for the decreasing trend of
pelican abundance from December to April in the Mississippi Delta due to migration,
whereas the analysis shown in Figure 3.3 averaged flock size over months and year
ignoring the effects of survey months. The results of GAM partially supported the claim
and concerns of fish farmers in the Mississippi Delta after accounting for the effects of
survey month, indicating an average “perception” of the pelican use of fish ponds.
However, my other analysis showed average flock size decreased on catfish ponds over
all months of winter and spring (Figure 3.3). This average flock size is more meaningful
to average fish consumption of the pelicans during winter and spring.
Possible limitations of my study include aerial survey routes and timing of flights.
My routes were only focused on bodies of water in the Mississippi Delta. Therefore, there
was a chance I missed areas in the Mississippi Delta where pelicans could have been that
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were not on water or catfish ponds. However, all surveys were standardized, so chances
of missing pelicans in an un-surveyed area were equal among surveys. My surveys
calculated a pelican population index instead of a pelican population estimate because I
did not account for detection probability (Roby et al. 2007, Adkins et al. 2014). I
scheduled my flights to match surveys completed by King and Michot (2002) in
December, February, and April 1997-1999. I completed my surveys during the same
months in 2015 and early 2016. However, in late 2016 and early 2017, I had to
reschedule December and February to one month later due to logistical problems.
In the future, I believe studies should look at a more complete representation of
pelican abundance, as well as a more detailed study of habitat use changes since the
decline of catfish aquaculture. Overall, it is a positive for catfish farmers that there were
fewer pelicans found on their ponds, but due to predation losses and disease transmission,
farmers should continue to keep pelicans off their farms. Since the decline in aquaculture
area, my results show that pelicans are reverting to use of natural water bodies to find
food and pelican abundance is decreasing in the Mississippi Delta.
Management implications
Since the loss of aquaculture area, the idea of whether pelican abundance has
increased on fish ponds or whether pelicans have reverted to use of natural water bodies
concerns catfish farmers. King and Michot (2002) found an average flock size of
approximately 160 pelicans on catfish ponds in 1997-1999 before the decline occurred.
However, my results show an average flock size of approximately 125 pelicans on catfish
ponds in 2015-2017. My results also suggested an overall decrease in pelican flock size
in the Mississippi Delta from the period of 1997-1999. Catfish farmers and biologists can
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now focus their management efforts towards new, innovative harassment techniques, as
well as, habitat use of pelicans besides catfish ponds to better understand this species. I
believe the recommendation of harassing pelicans at loafing areas around 1998 to 1999
(D.T. King, USDA Wildlife Services National Wildlife Research Center, pers. comm.)
has aided the decline of pelicans in the Mississippi Delta. I believe the increase in
harassment efforts since then have forced large numbers of pelicans to bypass the
Mississippi Delta and proceed to the Gulf Coast or the breeding grounds. For those
pelicans stopping in the Mississippi Delta, I believe the increased harassment has caused
the shift in habitat use from fish ponds and agriculture to open water. Based on my
observations, farmers should heavily focus their harassment efforts during spring
migration, specifically February, when the number of pelicans was highest.
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Figure 3.1

Study site in the Mississippi Delta region.

The study area covered the entire Mississippi Delta region, which is a flat, agriculture
dominated area. I covered the area in 2 days using aerial surveys during 3 flights each
winter.
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Figure 3.2

Aerial survey route flown for American white pelicans in the Mississippi
Delta.

Aerial surveys conducted in this region followed the survey route pictured, which
focused on bodies of water such as catfish ponds, rivers, and lakes. I covered the area in 2
days using aerial surveys during 3 flights each winter.
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Figure 3.3

Mean counts of American white pelicans by habitat type.

Pelican counts from aerial surveys averaged over each habitat type (CFP = catfish ponds,
Water = rivers or lakes, Ag = agriculture fields) showed trends from aerial surveys flown
in 1997-1999 (before aquaculture industry decline) and 2015-2017 (after the decline in
aquaculture area). Vertical bars are 95% confidence intervals.
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Figure 3.4

Mean proportion of American white pelicans by habitat type.

Proportion of pelican counts from aerial surveys averaged over each habitat type (CFP =
catfish ponds, Water = rivers or lakes, Ag = agriculture fields) showed trends from aerial
surveys flown in 1997-1999 (before aquaculture industry decline) and 2015-2017 (after
the decline in aquaculture area). Vertical bars are 1 standard error.
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CHAPTER IV
FINE-SCALE HABITAT SELECTION OF AMERICAN WHITE PELICANS
Introduction
Hierarchical habitat selection by American white pelicans
American white pelicans (Pelecanus erythrorhynchos; hereafter referred to as
pelicans) have captured the attention of catfish farmers in the Mississippi Delta in recent
years due to the decline in aquaculture hectares. Pelicans cause significant profit losses to
catfish farmers through depredation and spread of disease. Estimates show that pelicans
can consume approximately 1,320 g of channel catfish (Ictalurus punctatus) per day
(Glahn and King 2004; King and Werner 2001). Not only do pelicans consume large
amounts of catfish from aquaculture ponds, they are also the avian host for the trematode
Bolbophorus damnificus, which causes high mortality rates in fingerlings. Commercial
processors will also reject heavily infected surviving mature catfish (Doffitt et al. 2009).
Aquaculture area has decreased by approximately 50% in the Southeast since
2008 due to rising feed and fuel costs and increasing amounts of imported catfish (Figure
1.1; Hanson and Sites 2014). After the decline, farmers wanted to know if pelican use of
catfish ponds became concentrated at the remaining facilities or if the birds began use
more natural habitats.
Using Johnson’s (1980) definitions and Calenge’s (2006) methodology, I defined
each of the four orders of selection for pelicans in my study as follows. First-order
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selection is the geographic range of a species, which for pelicans would include their
geographic range covering most of North America. Second-order selection determines
the home range placement of an individual. For this study, I focused on pelicans located
in the southeastern U.S. region. Third-order selection pertains to the various habitat
components used within the home range. When considering selection of habitat
components from within home ranges, the boundaries of the home range should constrain
the measurement of habitat availability (Jones 2001). Therefore, within pelicans’ home
range, I expected pelicans’ third-order selection to be natural wetlands over open water
and agriculture. For my study, I used landcover types from the National Landcover
Database (NLCD; https://www.mrlc.gov/). From NLCD, the definition of open water is
areas of water, generally with less than 25% cover of vegetation or soil, which includes
aquaculture ponds. In addition, natural wetlands are areas where perennial herbaceous
vegetation accounts for greater than 80% of vegetative cover, and the soil or substrate is
periodically saturated with or covered with water. Reduction in aquaculture (thus,
reduction in open water) may cause pelicans to use more natural wetlands to obtain food
resources since pelicans prefer to forage in shallow water (Anderson 1991; Johnsgard
1993). Lastly, fourth-order selection relates to the actual obtaining of resources within the
third-order selected site. To determine how landscape features affected the distribution of
pelicans in the Southeastern US, it was important to know what habitat pelicans select at
the third hierarchical order (Hostetler and Holling 2000). Pelican habitat selection in
recent years has become of interest to farmers, and determining fine-scale habitat
selection would answer this question. Currently, there are very few studies that looked at
habitat use of pelicans in the wintering grounds and only one that looked at fine-scale
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habitat use (King and Werner 2001; King and Michot 2002). The knowledge of the areas
pelicans are frequenting will help biologists to determine the best management strategies
for pelicans.
Objectives
The objective of this chapter was to determine the third-order habitat selection by
American white pelicans in their wintering grounds to provide insight into pelican
management in the Mississippi Alluvial Valley. I predicted that pelicans will select
natural wetlands over open water and agriculture for third-order habitat selection.
Methods
Study area
I conducted this study in the Mississippi Delta region, the 16,000 km2 flood plain
of the Mississippi River, as well as aquaculture heavy areas of Louisiana, eastern
Mississippi, and Alabama. Most of the Mississippi Delta lost wetlands due to draining for
agriculture with approximately 10% of the original wetland area such as cypress swamps,
oxbow lakes, and bayous remaining (Glahn et al. 1996; Figure 2.2; Figure 3.1). I trapped
pelicans near aquaculture-intensive areas in Louisiana, Alabama, eastern Mississippi, and
the Mississippi Delta (Figure 4.1).
American white pelican transmitters
To determine third-order habitat selection of pelicans, I captured 16 pelicans and
attached transmitters to them. I attached 80-g 3rd Generation CTT 1000 Series BT3
GPS/GSM solar-powered satellite transmitters with an integrated accelerometer from
Cellular Tracking Technologies (Rio Grande, NJ) to 5 pelicans and 70-g PTT-100
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Argos/GPS solar-powered satellite transmitters from Microwave Telemetry (Columbia,
MD) to 9 individuals. The transmitter weighed < 3% of a pelican’s body weight. The two
types of transmitters were comparable because there was only a difference of
approximately 15 m in accuracy between types of transmitters. I tracked these birds
through June 2017. In addition to attaching transmitters, I took measurements to
determine age and sex of each bird captured. The measurements taken included mass and
lengths of flattened wing cord, tarsus, and culmen. I captured and equipped pelicans with
transmitters during the spring of 2016 and 2017. USDA APHIS, National Wildlife
Research Center, Institutional Animal Care and Use Committee (IACUC; protocol
number: QA-2477) approved all procedures and handling. I obtained all permits needed
for capturing and attaching satellite transmitters prior to capture attempts.
I used modified padded jaw leg-hold traps to capture pelicans at loafing sites
(King et al. 1998). Depending on the trap site, anywhere from 36 to 96 leg-hold traps
were set for approximately 12 hours per day. I would trap in the same location for 2 to 3
days depending on pelican numbers remaining after the initial day of trapping. I used a
body harness to attach the transmitters to the birds as described by Dunstan (1972) and
King et al. (2000). Capture attempts were successful in AL, LA, and MS. My goal was to
deploy transmitters across aquaculture intensive areas in the pelicans wintering grounds
to ensure trapped pelicans were from different flocks, as well as to ensure a better
representation of pelican habitat use. I programmed the transmitters to record one
location every 15 minutes or one location every hour with a 24-hour duty cycle.
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Habitat data preparation
I obtained land cover and land use (LCLU) data of my study area from the 30-m
resolution National Land Cover Database 2011 (NLCD; https://www.mrlc.gov/). I
resampled the LCLU data at a 250-m resolution to reduce the computational burden for
such a large area using the R package “raster” (Hijmans 2016; R Core Team 2016). I
included open water, herbaceous wetland, and agriculture as land cover types to test my
predictions for habitat use of pelicans at the third-order.
I used the program CircAn in Biomapper to generate raster maps of the proportion
(ranging from 0 to 1) of each land cover type within a circular buffer centered at each
250m x 250m cell (Hirzel et al. 2002). To use CircAn, I set a buffer size to represent the
radius of daily home range size of pelicans (7,270-m) to calculate proportions of open
water, herbaceous wetland, or agriculture. To calculate the 7,270-m radius, I determined
pelican average daily home range size to be 165.93-km2. Next, I calculated a buffer size
to represent the radius of pelican daily home range size using the area of a circle formula
(𝐴 = 𝜋𝑟 2 ) to be 7,270-m. Then, to generate proportion maps, I booleanized the raster
images of open water, herbaceous wetlands, and agriculture separately, assigning a value
of 1 to a cell of open water, herbaceous wetland, and agriculture and a 0 to all other cells.
Lastly, I calculated the proportion of land cover type for each cell.
Statistical analysis
To determine pelican third-order habitat selection, I subset all GPS points located
between 0-30 m altitude, during active hours (08:00-18:00; D.T. King, USDA Wildlife
Services National Wildlife Research Center, pers. comm.) and one location per hour. I
was only interested in understanding pelican habitat use when they are on/near the
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ground. Then, I calculated a 100% minimum convex polygon (MCP) using the R package
adehabitat (Calenge 2006; R Core Team 2016). The GPS locations within 100% MCP
home ranges represented the habitat use. I randomly sampled the same number of
locations without replacement within MCPs to represent available habitat. Next, I used a
two-staged approach described by Nielson and Sawyer (2013) and Fieberg et al. (2010).
In stage 1, a separate generalized linear model (GLM) was fit to each animal to estimate
regression coefficients for scaled habitat types for March and April, respectively. I only
used one of two highly correlated landscape variables (|Pearson’s correlation| > 0.7) in a
GLM. I used Akaike information criterion (AIC) to select the most parsimonious model
for each of the 16 GPS tracked birds. In stage 2, I extracted the coefficient values for
each habitat type and averaged across individuals. Next, I extracted regression
coefficients from each period: April 2016, March 2017, and April 2017. Lastly, I used a
linear model (lm) to assess the effects of year and month on the selection coefficients for
each habitat type.
I also calculated standard error (SE) and 95% confidence intervals (CIs) of
regression coefficients for March and April, respectively (Marzluff et al. 2004; Sawyer et
al. 2006). A regression coefficient > 0 showed habitat selection, whereas a regression
coefficient < 0 showed habitat avoidance.
Additionally, I calculated the average within-home-range proportions of available
and used habitat for open water, agriculture, and herbaceous wetlands by individual,
month, and year. I computed the selection index by dividing the proportion used by the
proportion available for open water, herbaceous wetland, and agriculture, respectively.
Next, I averaged the selection index values for each month and year (i.e., April 2016,
52

March 2017, and April 2017) for each habitat type. I then computed 95% CI for each
habitat type by month and year. Selection index values greater than one showed habitat
selection, but values less than one showed habitat avoidance.
Results
My results show substantial variability in all analyses, meaning I found no pattern
in habitat selection. During March and April of 2016 and 2017, I had 9 individuals
totaling 3,970 locations (1,985 “used” locations) on or near ground (< 30 m altitude).
Using the GLM method, selection coefficients of open water at the third-order in April
2016 (coefficient = -184.5; 95% CI = -505.55 to 136.55; Figure 4.2), in March 2017
(coefficient = 4.419; 95% CI = -16.99 to 25.83; Figure 4.2), and in April 2017
(coefficient = 6.74; 95% CI = -6.76 to 20.25; Figure 4.2) were not statistically significant.
Results suggested that pelicans avoided herbaceous wetlands in April 2016 (coefficient =
-62.48, 95% CI = -80.24 to -44.71; Figure 4.2), but selection coefficient of herbaceous
wetlands became insignificant in March 2017 (coefficient = 0.13; 95% CI = -2.94 to 3.21;
Figure 4.2) and April 2017 (coefficient = 4.06; 95% CI = -3.67 to 11.79; Figure 4.2). As
for agriculture, my results did not demonstrate any selection patterns of pelicans in April
2016 (coefficient = 14.5; 95% CI = -73.88 to 102.88; Figure 4.2), March 2017
(coefficient = -2.0; 95% CI = -6.24 to 2.23; Figure 4.2), and April 2017 (coefficient = 2.88; 95% CI = -24.04 to 18.29; Figure 4.2). Using the selection index method, my
results only demonstrated a significant selection of open water in March 2017 (coefficient
= 1.77, 95% CI = 1.01 to 2.54; Figure 4.3), with the 95% CIs of the remaining selection
indices of open water, agriculture, and herbaceous wetlands in the other periods including
1.0 (i.e., p > 0.05; Figure 4.3).
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Discussion
My study demonstrated substantial variability in fine-scale habitat selection by
American white pelicans. I found no pattern for what habitat types pelicans are using at
the third-order (i.e. various habitat components used within the home range) across
different winter months and across years. My small sample size could contribute to the
large variance in my values. While I was able to trap 16 pelicans in total, after only
analyzing March and April of 2016 and 2017 and using points located on or near the
ground (between 0-30 m), my sample size narrowed to 9 individuals with 1,985 “used”
GPS locations.
Several factors might have contributed to my small sample size. In 2016 and
2017, there were high amounts of precipitation and flooding during our trapping months
near our field sites. This led to greater amounts of loafing habitat for pelicans where
flocks could spread out into more but smaller size flocks, which made it difficult for
successful trapping. In addition, one of our transmitter types was only capable of taking
GPS locations every hour, whereas the newer model could take locations every 15
minutes. The newer transmitter readings were subset to one reading per hour to make the
two transmitter types comparable. I believe I missed a significant amount of pelican
movement using this time frame of one location per hour. King and Werner (2001) noted
that the average foraging session for pelicans lasted 66.7 minutes ± 8.08 SE in all habitat
types. In catfish ponds, specifically, pelicans foraged an average of 21 minutes. For those
individuals that forage less than the average time or on catfish ponds, we could be
missing their foraging sessions entirely. In the future, I believe using GPS transmitters
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capable of locations every 15 minutes would provide a better snapshot of pelican daily
activity.
Although I did not see significant results, I believe this information can still be
useful to catfish farmers and biologists. The trend shows great variability in pelican
habitat selection, which could mean that avian depredation may be highly variable across
years as well. Scientists should conduct future studies over longer time periods with more
intensive trapping to most accurately represent the population. In future studies, I
recommend trapping in December through March. Due to logistic constraints, I was only
able to start trapping in February and ended in May, which left little time to trap
sufficient numbers before pelicans’ migration back north (Knopf and Evans 2004). The
highest density of pelicans in the Mississippi Delta was observed December through
March and would have provided more trapping opportunities. There are many factors to
take into consideration for future studies, such as temperature trends, precipitation
throughout winter months, wind speed and direction, and the amount of agricultural field
flooding, etc. These factors contribute to pelican habitat selection during the winter (i.e.,
loafing and foraging sites). For my thesis, I was not able to look at catfish ponds separate
from open water, but to answer catfish farmers’ questions, a study should investigate
catfish ponds specifically. Future studies could help determine how pelican use of catfish
ponds differs from other habitat types, such as wetlands, flooded agriculture, and oxbow
lakes, in their wintering grounds.
In summary, my results suggest great variability in pelican habitat use and can
serve as baseline data for future studies. Future research should examine what specific
habitats pelicans are using within their home ranges. These studies should consider
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weather pattern differences across years, extend their trapping season, as well as analyze
catfish ponds specifically to determine relative use compared to other habitat types in the
wintering grounds.
Management implications
Habitat use of American white pelicans since the decline in aquaculture hectares
caught the attention of catfish farmers in the Mississippi Delta. Since farmers are
spending $2.1 million dollars annually just in the state of Mississippi on harassment
efforts, a better understanding of how to manage for pelicans would be very beneficial to
farmers and biologists (Stickley and Andrews 1989). I recommend following bird survey
websites that track bird migration numbers such as eBird (Audubon and Cornell Lab of
Ornithology; https://ebird.org/). This free, online data source could provide a more
detailed time frame of when to expect the most pelicans in the farmer’s area. Data from
these sites could also alert farmers and biologists where most pelicans are being sighted:
rivers, oxbow lakes, agriculture fields, other catfish ponds, etc. Although my results do
not show significant differences for habitat use among open water, herbaceous wetlands,
or agricultural fields, future studies can build upon my results to further investigate what
habitats pelicans are selecting within their home ranges in the wintering grounds.
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Figure 4.1

Trapping sites for American white pelicans.

Locations were near aquaculture intensive areas in Louisiana, Alabama, eastern
Mississippi, and Mississippi Delta (shaded region).
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Figure 4.2

Results for third-order habitat selection using two-stage analysis with
generalized linear models for American white pelicans in the winter
grounds during March and April 2016 and 2017.

Selection coefficients across months and years show selection or avoidance for the three
habitat types of water, herbaceous wetlands, and agriculture fields. If the value falls
above zero, it suggests that pelicans select for that habitat type, but if below the line, it
suggests that pelicans avoid that habitat type.
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Figure 4.3

Results for third-order habitat selection using average habitat proportion
values for American white pelicans in the winter grounds during March and
April 2016 and 2017.

Average values across months and years show selection or avoidance for the three habitat
types of water, herbaceous wetlands, and agriculture fields. Values greater than one
suggest selection, whereas values less than one suggest avoidance.
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